INTRODUCTION
Pancreatic cancer (PC) is a devastating disease that poses significant management challenges. Because of its exceptionally high mortality with an overall survival of <5%, PC ranks as the fifth leading cause of cancer-related death in most developed countries.
1,2 Currently, there is no effective means to screen for or prevent this cancer.
The association between diabetes mellitus (DM) and PC is well-documented. [3] [4] [5] However, there has been some concern that DM may be a consequence rather than a cause of this neoplasia. 5 , 6 The precise prevalence of DM in patients with PC has been difficult to establish because studies relying upon self-reports or registry data for diagnosis of DM have largely underestimated its frequency in patients with PC. Recent studies applying objective biochemical criteria showed that while the prevalence of DM in patients with PC is around 40%, as many as 80% of patients with PC may have abnormalities in glucose metabolism. 4, 7 Pre-existing DM has been identified as an adverse prognostic variable associated with increased mortality in various cancers, including colorectal, prostate, and breast cancers. 8, 9 Pre-existing DM was also independently associated with reduced survival in patients undergoing resection for PC. 10, 11 Postload plasma glucose concentration and PC mortality were inversely associated in men with a normal glycemic level. 12 A hyperglycemic state has various indicators; of them, hemoglobin A1c (HbA1c) reflects long-term glycemic control and is a more stable measurement than fasting plasma glucose levels. 13 Although the associations between HbA1c levels and incidence or mortality for malignancies have been shown in two cohort studies, 14, 15 no studies have evaluated the impact of HbA1c levels on the survival of advanced PC. The diagnosis and treatment of cancer may distract both the patient and the health care team from appropriate management of hyperglycemia, which is proven to reduce morbidity and mortality in adult patients with DM. The expected survival of advanced PC is extremely short, and many physicians are not concerned about either DM itself or glycemic control.
In the present study, we conducted a retrospective analysis of the relationship between HbA1c levels and advanced PC with DM survival, and took into consideration antidiabetic therapy, including metformin.
MATERIALS AND METHODS

Patients
Data from the Konkuk University Medical Center were used in this study. Institutional Review Board approved retrospective review. The data was collected between May 2005 and April 2011. One hundred and sixty-five patients with advanced PC were evaluated. Thirty-eight patients were excluded because of missing follow-up data, age of >90 years, lack of evaluation for DM, poor performance status, or gastrointestinal obstruction by cancer. Thus, 127 patients underwent analysis. A total of 65 patients with pre-existing DM and 62 patients without preexisting DM were recruited. Sixty-five patients with pre-existing DM were divided into a low HbA1c group (group A, <7.0% of HbA1c, n=24) and a high HbA1c group (group B, ≥7.0% of HbA1c, n=41).
Definition of diabetes
Diagnosis of pre-existing DM was made based on the documented clinical history and/or biochemical findings with application of the diagnostic criteria outlined by the American Diabetes Association in January 2010. 16 In brief, patients with a known history of DM, a baseline fasting blood glucose level of ≥126 mg/dL, two or more outpatient random blood glucose levels of ≥200 mg/dL, or an HbA1c level of ≥6.5% were classified into the DM group. Among patients with only inpatient preoperative laboratory results, those with two or more serum measurements of ≥200 mg/dL obtained before 7:00 AM were classified as having DM. The duration of DM before the cancer diagnosis was determined based on the clinical history or first date of documented laboratory abnormalities. New-onset DM was defined as a diagnosis of DM 24 months before the PC diagnosis, and patients with a diagnosis of DM >24 months preceding the cancer diagnosis were classified as having longstanding DM. 7, 17 DM medication profiles were classified into three groups (metformin with/without other agents, other agents with/without insulin, or no treatment).
Measurement of HbA1c values
HbA1c levels were measured by high performance liquid chromatography (ADAMS HA-8180; Arkray Inc., Tokyo, Japan) in 65 patients with unresectable PC who were recruited after 2005. Patients without pre-existing DM were not measured because of their normal fasting glucose level. According to the guidelines of the American Diabetes Association, 16 an HbA1c level of 4.0% to 6.0% was considered to be; an HbA1c level of <7.0% was the recommended glycemic control level for adults with DM. Therefore, we divided all patients with PC and DM into two groups according to their HbA1c level: <7.0% and ≥7.0%.
Data collection
Initial variables were included age, gender, education, body mass index (BMI), smoking, alcohol consumption, performance status (Karnofsky status), 18 Because the number of patients who received monotherapy was small, insulin use was not considered for an individual group of glycemic control. In addition, many patients used the drug or the combinations changed over time; thus, the final analysis used the categorical variables of ever or never use of metformin. Oral medications were categorized into two groups: 1) metformin and 2) other drugs (not including metformin), including insulin secretagogues, thiazolidinediones, dipeptidyl peptidase-4, and glucagon-like peptide 1 analogue.
Statistical analysis
Patients were classified into DM and non-DM groups. In the DM group, patients were classified according to HbA1c level: <7.0% (group A) and ≥7.0% (group B). Cigarette smoking status was classified as never and ever (past and current).
Numerical data are presented as the median with interquartile range (IQR). Data for patients with PC with DM and without DM were compared with respect to demographic, clinical, and treatment variables using Pearson chi-square test and Fisher exact test for categorical variables. Among patients with DM, data for patients with ≥7.0% and <7.0% HbA1c were compared using the above methods. Estimates of probabilities of survival for the follow-up study were calculated using the Kaplan-Meier method with the log-rank test. Data were summarized by the median and 95% confidence intervals (CIs). For survival rates, deaths unrelated to PC, such as cardiovascular events, were treated as censored patients. Survival was calculated from the day of diagnosis until death or the last follow-up.
Cox regression was used to determine independent predictors of outcome, using survival as the dependent variable and significant factors (p<0.15) by univariate analysis as the independent variables. The p-values ≤0.05 were deemed to indicate statistical significance. Statistical analyses were performed using the SPSS software version 13.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Population characteristics
The characteristics of the study population, including risk factors for PC, are shown in Table 1 . Baseline clinical and demographic profiles in the DM and non-DM groups were similar with the exception the CA 19-9 level. The median level of CA 19-9 was higher in the DM than in the non-DM group (670. , and 47.2% of patients were male. A documented history of tobacco use was present in 34.6% of patients. Fifty-eight patients (45.7%) underwent gemcitabine-based chemotherapy. Ninety-two patients (72.4%) had a low education level (less than high school); however, there was no significant difference between the DM and non-DM groups.
DM was documented or diagnosed using initial laboratory results in 65 patients (51.2%). DM was determined to be of new onset in 28 patients (43.1%). Patients with DM showed a higher frequency of pancreatic parenchymal atrophic changes on abdominal computed tomography than did patients without DM (33.3% vs 17.6%, respectively; p=0.05). However, there was no statistically significant difference in the frequency of pancreas parenchymal atrophy between patients with DM in groups A and B (37.5% vs 28.9%, respectively; p=0.378). Fifty-five patients (84.6%)-29 (52.7%), metformin use; 26 (47.3%), metformin nonuse-were taking oral agents for DM, 12 of 55 patients (21.8%) were also being administered insulin, and 10 patients (15.4%) were not on any DM medications. At initial diagnosis of PC, 41 patients (63.1%) had a high HbA1c level (≥7.0%) and 24 patients (30.8%) had a HbA1c level of <7.0%. Four patients (6.2%) with clinical documentation of DM did not undergo evaluation of the HbA1c level.
Influence of HbA1c level and antidiabetic treatment on survival of patients with PC and DM
The demographic characteristics of group A (HbA1c of <7.0%) and group B (HbA1c of ≥7.0%) in advanced PC with DM were summarized in Table 2 . There was no significant difference in age, sex, BMI, smoking, alcohol consumption, education, tumor location, chemotherapy, or type of antidiabetic therapy between groups A and B. The median level of HbA1c was 6.5% (range, 5.7% to 6.9%) in group A and 8.1% (range, 7.0% to 20.0%) in group B (p=0.003).
Kaplan-Meier survival analysis showed a slightly longer survival time in patients without DM than in patients with DM ( Fig. 1 ), but the difference was not statistically significant. The median survival was 263 days in patients without DM (95% CI, 114.1 to 372.0) and 198 days in patients with DM (95% CI, 125.4 to 283.5; p=0.091). Among patients with DM, KaplanMeier survival analysis showed a significantly longer survival time in group A (HbA1c level of <7.0%) than in group B (HbA1c level of ≥7.0%) (Fig. 2) . The median survival was 362 days (95% CI, 246.2 to 461.8) in group A and 145 days (95% CI, 109.0 to 179.0) in group B (p=0.014).
Metformin use showed a longer survival than metformin nonuse in patients with DM; however, it did not show a statistically significant difference (median survival, 264 days vs 195 days, respectively; p=0.058). In the subgroup analysis of patients with an HbA1c level of ≥7.0%, metformin use also showed a longer survival compared with other antidiabetic medications; however, the difference was not statistically significant (median survival, 273 days vs 145 days; p=0.058) (Fig. 3) . The mean value (standard deviation) of HbA1c was 9.2% (3.2) in metformin use and 8.2% (2.4) metformin nonuse in patients with DM (p=0.342).
Impact of other potential variables on survival
The median survival was 284 days (95% CI, 209.6 to 372.4) in stage IIIa/b and 119 days (95% CI, 93.5 to 144.5) in stage IV (p<0.001). The 1-and 2-year survival rates were 43% and 20% in stage IIIa/b and 21% and 3% in stage IV, respectively. The median survival was 298 days (95% CI, 226.8 to 355.2) in patients with chemotherapy and 166 days (95% CI, 92.0 to 254.0) in patients without chemotherapy (p=0.005). The 1-and 2-year survival rates were 45% and 18% in patients with chemotherapy and 22% and 9% in patients without chemotherapy, respectively. In the multivariate analysis using the Cox regression model in all patients, chemotherapy (HR, 2.77; 95% CI, 1.13 to 2.80; p=0.014) and stage III (HR, 2.34; 95% CI, 1.43 to 3.85) were the significant predictor of longer survival in advanced PC.
In subgroup analysis in patients with DM ( with poor survival compared with patients with chemotherapy and low level of HbA1c in advanced PC with DM. At the end of the observation period, 56 patients (86.2%) with DM and 55 patients (88.7%) without DM died. The causes of death in patients with DM were tumor progression (94.6%, n=53) and non-PC-related causes (5.4%, n=3 with heart disease). The causes of death in patients without DM were tumor progression (98.2%, n=54), and biliary sepsis (1.8%, n=1).
DISCUSSION
DM and impaired glucose tolerance are thought to be risk factors for not only cardiovascular events, 19 but also malignancies. 3, 20 Comorbid of DM has been implicated as an adverse prognostic variable for cancer in general. A recent meta-analysis of 23 studies reported that pre-existing DM was associated with increased all cause mortality relative to non-DM cancer patients (HR, 1.41; 95% CI, 1.28 to 1.55). 8 Two large cohort studies examined the association of DM for ≥10 years with subsequent PC risk. 21, 22 In both studies, DM was positively associated with PC risk. Another prospective cohort study reported a 2.5-fold greater risk of PC mortality among men with DM compared with those without DM. 23 Most studies that have investigated the association between DM and the cancer morbidity or mortality used the fasting plasma glucose level or postload plasma glucose level. On the other hand, HbA1c is a good time-integrated indicator of blood glucose concentrations over the preceding 1 to 3 months. 24 It is also a particularly convenient screening or monitoring tool for DM because it does not require subjects to fast. However, no studies to date have investigated the association between HbA1c levels and the mortality of advanced PC. Because PC has a very rapid clinical course and is almost uniformly fatal, it may distract both the patient and the health care team from the diagnosis of DM and appropriate management of hyperglycemia. Our findings indicate that an elevated HbA1c level (≥7.0%) was associated with decreased survival in patients with advanced PC with DM. Another possibility is that DM and hyperglycemia affect tumor behavior by increasing proliferation and dissemination. There are several potential explanations for the observed association between increased all cause mortality and pre-existing DM in patients with cancer. First, patients with both cancer and DM may have increased tumor cell proliferation and metastases in a physiologic environment of hyperinsulinemia and hyperglycemia. 25 Insulin has been shown to have a direct, dose- dependent, growth-promoting effect on PC cell lines in vitro. 26 Moreover, high concentrations of insulin are able to bind to and activate the insulin-like growth factor 1 (IGF-1) receptor. 27 Activation of this receptor is known to have growth-promoting effects, including modulation of cell cycle progression. Excess insulin could also indirectly affect the development of PC through down-regulation of IGF-binding protein 1. 28 Second, patients with preexisting DM may have a poor response to cancer treatment, including increased risk and intraoperative mortality. 29 In this study, subgroup analysis of the patients with chemotherapy showed that survival was shorter in patients with an HbA1c level of ≥7.0% than in patients with an HbA1c level of <7.0%, although the difference was not statistically significant (median survival, 394 days, 95% CI, 271.7 to 516.4 vs 227 days, 95% CI, 80.8 to 373.2; p=0.093). Finally, DM is a well-established risk factor for cardiovascular mortality in adults without cancer, 30 and the microvascular and macrovascular damage it causes likely accumulates to some extent regardless of cancer status. In this study, while three patients (7.3%) died of cardiovascular events in the high HbA1c group, there was no death related to cardiovascular events in the low HbA1c group. Because PC has a very rapid clinical course and is almost uniformly fatal, many physicians are not concerned with either DM itself or glycemic control. There are no studies of the impact of DM or high levels of glucose on mortality in patients with advanced PC with DM. Our findings revealed that DM does not have an impact on the prognosis of advanced PC compared with previous studies, which showed an association between DM and cancer mortality. However, in patients with DM, a high HbA1c level was associated with poor survival compared with a low level of HbA1c in PC with DM. The median survival was 362 days (95% CI, 246.2 to 461.8) in group A and 145 days (95% CI, 109.0 to 179.0) in group B (p=0.014). Appropriate antidiabetic treatment is required in advanced PC if the patients do not have a poor performance status or advanced stage. Among antidiabetic therapeutic agents, metformin was associated with a longer survival of PC in this study (p=0.058). However, the statistical power was limited because this observation was made from a small number of study subjects (25 metformin and 28 other antidiabetics). Two recent epidemiologic studies reported that patients with DM treated with metformin were less likely to develop cancer, but those treated with insulin or sulfonylurea were more likely to die of cancer. 31, 32 The molecular target of metformin is unknown, but it acts to inhibit complex I of the mitochondrial electron transport chain to block oxidative respiration. 33 This results in increased cellular adenosine monophosphate (AMP) to adenosine triphosphate ratios and activates AMP-activated protein kinase (AMPK). 34 AMPK coordinates the activity of a plethora of key metabolic and growth pathways that together act to restore the cellular energy balance. 35 Furthermore, AMPK has been found to play a role in cell polarity and cell division. 36 Therefore, in addition to amelioration of hyperglycemia and hyperinsulinemia, which are factors that mediate the adverse impact of type 2 DM on cancer, metformin has direct effects on cancer cells, blocking the mitogenic effects of insulin and IGF-1. This study has several major limitations. First, it was retrospective in design and included a single tertiary referral center. Second, the statistical power was limited because these observations were made from a small number of study subjects. The association between high HbA1c levels and shorter survival of advanced PC must be further investigated in larger studies. However, this cannot be investigated in a prospective randomized controlled study due to ethical and moral issues. Third, the change in the HbA1c level after antidiabetic treatment was not evaluated.
In conclusion, high HbA1c is associated with poor survival in patients with PC. Antidiabetic treatment, metformin in particular, use is associated with an improved outcome. 
